It has been shown by Friedemann (1939) that the hemolytic streptococcus forms lactic acid almost quantitatively from glucose. The accumulation of lactic acid in cultures grown in the presence of glucose causes the pH to fall rapidly to 4 to 5, at which point growth ceases. Mueller and Klise (1932) and others have shown that the yield of acid-producing organisms may be greatly increased by periodic neutralization with alkali. It appears probable that growth factors which are present in optimal amount for growth without neutralization, may become limiting factors under conditions where the pH is kept near its optimal value. In the present paper we are reporting a study of the factors necessary for continued growth of streptococcus on an essentially defined medium when the lactic acid produced is periodically neutralized.
METHODS AND MATERIALS
Medium. The medium in use at the start of this investigation was similar to that previously described (Pappenheimer and Hottle, 1940) . It consisted of a complete acid hydrolysate of Eastman's "de-ashed" gelatin, supplemented with the amino acids: cystine, tryptophane, tyrosine, methionine, and glutamine; with uracil and adenine; salts, glucose, and the various members of the vitamin B group previously shown essential for this strain. Cultures were incubated under 1 per cent CO2 in air. The changes which have been made in this medium leading to increased growth will be considered in a later paragraph. In the present experiments, most of the tests were carried out using 20 ml. of medium distributed in 8-inch test tubes.
Materials. Since we have been primarily interested in growing streptococci in mass culture on a simplified medium of low cost, we have used a technical grade of chemicals wherever we Vickery, Pucher and Clark (1935) .
Culture technic. The group A streptococcus employed was a smooth variant of the C203S strain sent to this laboratory by Dr. Lancefield some years ago. The organism was maintained, for the most part, on extract-peptone broth, in which medium it was transplanted approximately every eight hours. The test media were usually inoculated with 1/200 their volume of a saline suspension of organisms (washed twice with saline) from a 6-8-hour broth culture. Test media were inoculated late in the evening-usually about 11:00 p.m. They were incubated at 35°C. until the following morning, when, beginning at about 9:00 a.m., the acid formed was neutralized with 5N NaOH at intervals of about one hour until 11: 00 p.m. The cultures were then returned to the incubator and the following afternoon the growth was determined by measuring turbidity. In order to check their purity, the cultures were frequently streaked on blood agar plates.
Estimation of growth. To determine the amount of growth, the organisms from a known volume of culture were centrifuged and suspended in a suitable volume of saline. The growth was measured in a photoelectric colorimeter. The galvanometer deflection was converted to milligrams bacterial nitrogen by reading from a curve obtained by plotting bacterial nitrogen of standard suspensions against the logarithm of the deflection. It has been found convenient to express growth in arbitrary units, one such unit being equivalent to Study of exhausted medium. In spite of the decreased salt concentration and optimal bicarbonate concentration, growth still failed to increase beyond 25-30 units upon neutralization.
One liter of sulfuric-acid-hydrolysed gelatin medium containing 2.4 per cent glucose was distributed among four 500 ml. flasks, titrations of the effect of salt concentration on growth with neutralization. It has not been convenient to continue neutralization after 24-30 hours growth. Since the effect of salt is on the rate of growth as well as its final magnitude, the actual position and shape of the curves shown in figure 1 should not be considered as final since it is unlikely that growth was complete in all cases. figure 2 . We have observed, in agreement with Fildes and Gladstone (1939) that after two or more days incubation, particularly under an atmosphere of carbon dioxide in air, some cultures may grow out even in the absence of glutamine. Up to the present time, we have been unable to subculture these "trained" organisms on media free from glutamine.
Growth of other strains of group A streptococcus. A number of other strains have been tested on the improved medium in the manner described and the results are summarized in table 4. In addition to the above strains we have tested two cultures received from Dr. A. F. Coburn one of which (Faimen) was isolated from a case of rheumatic fever. The other strain (Deitschmann) was on July 9, 2017 by guest http://jb.asm.org/ Downloaded from a group B strain isolated from a case of sepsis. One (Deitschmann strain) gave rapid heavy growth comparable to C203S; the other (Faimen strain) grew very poorly. Of the 10 strains tested, 7 gave excellent growth on the defined medium. The data given in table 4 are probably not maximal and in any case should only be regarded as giving an approximate comparison of growth since they were obtained from a turbidometer calibrated for C203S and do not, therefore, take into account differences in cell size, optical density, etc. of the other strains.
DISCUSSION
Although a number of workers have reported growth of group A hemolytic streptococci on a medium of essentially known composition, so far as we are aware, no attempt has been made to obtain maximal growth on such a medium. Since the hemolytic streptococcus produces large amounts of lactic acid, maximal growth cannot be attained without frequent neutralization. Unless the acid produced from glucose is neutralized as it is formed, growth must necessarily be light and in terms of bacterial nitrogen will only amount to [2] [3] [4] [5] per cent of what is generally considered normal growth of organisms, such as the diphtheria bacillus, which are capable of oxidizing the acids formed from sugar. We have felt that growth equivalent to at least 150-250 mgm. streptococcal nitrogen per liter should be attained on a defined peptonefree medium before the isolation and characterization of such biologically active proteins as hemolysin or erythrogenic toxin may become feasible or practical. Using the C203S strain, the best growth which could be obtained on the gelatin hydrolysate medium previously described (Pappenheimer and Hottle, 1940) Of ten strains of group A hemolytic streptococci tested, seven gave growth of 100 mgm. bacterial nitrogen per liter or better. The question arises whether any other growth factors may be required by the streptococcus which unknowingly were added to the present medium, or to that previously described (Pappenheimer and Hottle, 1940; Hottle et al. 1941 ). This question is particularly pertinent since we have admittedly used technical casein hydrolysate and glucose in high concentrations both of which may contain unknown growth factors as impurities. However, heavy growth is still obtained with C203S when Eastman's purified gelatin hydrolysate supplemented by tyrosine and methionine is used in place of casein and Merck's reagent quality glucose is used in place of cerelose (table 3). In the case of the on July 9, 2017 by guest http://jb.asm.org/ Downloaded from three strains which failed to show good growth on the medium other factors are probably required. We feel, however, that the present medium is complete for the other seven strains. Woolley (1941) has recently described a non-dialysable growth factor which is essential for several Group A strains of streptococcus, among them the C203 and 594 strains. We are unable to explain why our cultures of C203 and 594 do not appear to require this factor. Aside from differences in concentration of the growth factors added, the only substance actually lacking from Woolley's medium and present in our own, is sodium bicarbonate.2
In agreement with Mueller and Klise (1932) we have found that after prolonged neutralization many of the streptococci stained gram-negative but remained viable. No change in the colony form has been noticed after plating out. Some autolysis generally occurs after about twelve hours of continuous neutralization (24 to 30 hours growth).
SUMMARY
A study has been made of the factors necessary for massive growth of the C203S strain of hemolytic streptococcus. Growth equivalent to 200-250 mgm. bacterial nitrogen per liter has been attained on a medium of defined chemical composition using the C203S strain. Several other strains of Group A streptococcus have also given massive growth on the medium.
